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Field of She 

100011 This lKVoti£?r! rslms to comrnuokatioits lecteologks. la particular, tfjls. 
itrvenboE relates is) niahiearder modulation systems having smltipk maxgins, 

!>escrlpih>« of Related Art 

|0002] Mu! heartier mode I Miimi Or Discrete Midtitooe Medtdatisn (DMT), a 
tmmxniMm method that is widely di®d fefeom?««s5caiion over difficult sst^lsi 
Mul?l©artlp«5»d«lat)o» divides the.tra»Si»Mo»- feeq»«^cy band "mtx> muitipi^jsuls^ai^i 
^ r &m^;-m^i^^Mp each earner individually modulating a bit or a collection of tdisL 
A ■M00ipM : mi>d$M<t% m Input data stream containing information bits wdft one or W&tp 
carriers, ne.,; feio$ of- s«bcbar*«gfe, and transmits the Modulated information A receiver 
demodulates all t'he carriers in order to recover me trarsSTriitted MonMtSEO» bits as M oatprt 
data stream, 

f0003f : Mtid carrier nioddiat. loo. has mm$: advantages over single earner modoladon 
TheMMvantages locltide, for example, a Idgher irnmanity l^tepuJse hdi^ s slower: 
complexity equafeauoa requirement in the presence of mnlbpatL a higher immunity to 
narrow band mterierence, a higher data rate and bandwidth tlexibiiity- Multiearrier 
modulation is being used is many applications to obtain these advantages, as well as for 
obter reasons. These applicahoris include AsynirBebie Pigiial Subscriber ling (ADSL) 
system wireless LAN systems* 

applicadons. Oil standards tmdG.992,2 and trie ANSI TL4B standard specify 

standard impieracntatsoas for AX>SL transceivesi that iiadllearrief modulation, 

[fB#l| Discrete mttibtotje modiUatiorj tians^ivers modulate a number of hits on eacit 
.xSHbehsAseL the f?«j«lw aC fc^def^^g-atitl&e Sitsal vs Noise Ratio f;SMR)of that 1 
sobchaaueLaud the Bit Error Rate (BER}: reqakOTent of a brsfe. For c^ampk. if the 
required BEE is I x Iff** mm felt mrnimMmmmmmammov ou average, and the 
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SNR of a parbeular salkhaaasl fe 213 d&. thee mat mbchmnd cm modulate 4 fees, sn$ee 
2 ! .5 dB is the inquired SNR. to tmoSttSt4 QAM Um with a 1 % : W 1 BBR. Other 
s«.beha.«»sl« -cm -have- a different SNR and djemfhre may Mm a ^Sfffimstnaatar of bits 
allocated to -them at the same SER. A<Mmm^Vi mloorwtson regatdmg ht loading can be 
la copending D,S, Application Serial ^b«^5i^i|»|^c»^rated.ksel»by 
m its m ' 



f. la .many DMT systems., as additional parameter k mad to detenmoe the number 
of bits allocated to each subchannel This paj-aaieier Ise&tied the SNR "marglm** or simply 
the "margin" The margin specifies an extra SNR per subchannel, is addition to what Is 
reqaked to maintain the specified BER ret|Uiremenh As air #^^e»-ar0M ! I i .-^§m with a 
6 4B ttmgm would require a 2 L5+6~21'.S dB SNR on a subchannel in order %& tmMfmt4 
bits on that subchannel with a Ix 10'' BER, This is 6 dB more than .required by the. example 
& ske:p#ibus paragraph because now a b dB margin is added to the system. Another way; 
of topping at this is that In the example of the previous paragraph, where 4 bits were 
jdjlpe^d^ 2ES dli SNR, the margin was0dS, 

tltNMJ DMT transceivers use a margin to increase the- system's Immunity 10 : yaHous 
types of time varying impakmsmti- % aBtples of these Mmahments in OSL systes^ aree 
ebahges in the levels of crosstalk from other transmission systems, impulse noise, 
temperature changes in the telephoneJine, or rhedfe. When a J&MT system is operating 
"with : :3 positive SNR mar|pWte by the level of the margin 

and the system will still maintain she reunited BER. For example, if the system is operating 
at a 6 dB margim :«.g., : # bits are allocated to earners with 27.5 dB SNR for BER-l.xKE, the 
crosstalk levels can increase by b dB and the system will still, he operating at the required 
U 10 BEE. Obvidysiy the penalty for this merease in robustness is a decrease in the data 
tate, since with a 0 dB margin, a subchannel with 27.5 dB SNR can rnodolate b bits at 
ixICT BER. 

Therefore, there is a tradeoff between the robustness of the channel -$«ch as a 
phone Um* and the achievable data rate. The margin cm-be osed to quantifv this tradeoff 
A higher margiu results k a higher level immunity to cbaogmgehauoei eoadtoeas at the 
expense of the. achievable data rate. Likewise, a lower taargii* results In a higher data rate a? 
the expense of a lower immunity to changing ehanrtel eoudsthms. 
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{Wt$$l Orovtit DMT systems allocate a.^|;tp'§n fo all sohofehttels; For massple, 
ADSL systems typically ose a 6 $& mmgm on aU sohehannels carry mg dam tens, this $ dS 
murgiti js erMstaot on all subchannels and is fesdependeM of the type impaimieai that the 
mugift h trymg .{©..protect against 

[0009 1 Bjr snnplicuy of reiereoee, the systems and methods of this toendoii wjII 
hereinafter refer to. the transceivers, or pndtjeamer modems, g^ric»l.!y.as- harass., i&np 
siiiM modem & tvoicallv located at a costosncr Oferossos seed m a home or bosd?css ^»d Is 
"dowmtreara^ from » central offiee with 'The other -h^pm- 

typically located at: the ceatra! office and is "upstream" from Cits customer preptises,: 
i^Ofsslstem with industry practice, sfs^jmpS^ 

transceiver tittii, remote,''*' h$u located, at the easterner premise^ and "AltHT (^ADSL 
#apseeiver unit, central office;' l,e„ located at the eeotrai office), Bach modem |h;e&d%a 
transmitter section for transndttmg data ^ and Is 

:fe:iserete mMm ^ m jm^m^m^M muldplieity of subchannels 
of limited bandwidth, Typcaily, the opstr^aot or ATU--C modem trarssrmts data to the 
downstream or ATtl-$t modern over a -Sm set of sahehasmek, which are usually the higher- 
frequency subchannels, and recei ves data 4k>m the downstream: or ATU-R modem over a 
leeostd;, usually smaller, M t^ : stthchaimOis, commonly the lower-frequency sohehannefsi 

f illllOl Por example, m digital subscriber line C©SL;> ieehrjoiogy, commamcatiorss over 
a local subscriber loop between a central office and a subscriber premises is accomplished 
by moxMkdng the data to be transmitted ooto a multiplicity of discrete frequency carriers 
which are summed together and then transmitted ewer a subscriber loop, Imlividaally, she 
carriers form discrete, ms»^v^la|f»iif--aHTmjfBfite^o» snhcinmnels which are of a limited 
bandwidth. Collect! vsly,. the carriers ferM what is effectively a broadband eommunlearions 
channel At the nscesver eud, die earners are demodulated and the data recovered, 

fthlll| DSL systems esperiem^ dishirhanees from: other dats services pa adjacent 
phooe lines, such as,iof example, ADSL. HDSL, l^DN, "H. or the ike, Addnmoally, DSL 
systems may experience disturbances feat inipttlse «oise t crosstalk, temperature changes, 
or the like. These drsterhaoces rnay eoro.frie.oce after the sabjeot DSL service is already 
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initiated -aM, siuce DSL for iMeraet access in envisioned as a slways->osi: service, the affects 
of these disiurhanees *bmtU be considered by the anbjeet PSL transceiver. Additionally, the 
length of the phone line is a type of impairment that varies from onfe.ADSL stifoscrjher to 
another, he., from one ADSL installation to anote; and therefore has w dto m & 
ADSL modern performance. 

{001 2 j The systems md methods of this Invention allow She margin in a discrete 
mohiione modslathm system to vary depending ®n-% rype of impamrisnL For example, this 
impairment cm fee changing over some daraifon m fmm one installation fo another. Thus, 
different margins can be assignedfeone or mote of the eatii^ itt n diseMe mdltitone 
modulation comrmmicatlan system. 

|tH)13] As noted above, there is & tradeoff between the robustness of the tmk and she 
jiehievahte dsta rate. By setting a higher margin, a higher level of immunity to changing 
channel conditions is achieved at the expense of the data rate, Similarly, while a lower 
margin may result in a higher data rate, the isnnunhy to changing channel eondihdns is 
reduced. 

Illilii ; If pwever< setting the rmvtgirs equa Ity for allsnbeharmeis at least fails to scjcbpnt 
for impairments that change over Lime and bow the impairments may have different effects 
on subchannels at dif threat frequencies. For example, temperature changes and line length 
etTeot ddTercot f mtju etfoM with di f fed og degrees of ibf etfemnee, 

pltilS'f Aspects of the present in vention relate to a comme.okap.ons sy stem havmga ■ 
plurality of .margins., 

t$®Ml Aspects of tl^-p^ii^k^h^oiR-al^-^ktesto. a method,^ assigning a plurality 
of margins to a communications system . 

|i§ITf Aspects of this present invention additionally .relate to mmiicamier modulation 
systems and methods tor dtiTerent margins ts he assigned to different subchannels to 
account for varying impairments. 

100181 These and other features: advantages of this invention are desc r 1 bed in, or are 
apparent from, die following detailed dssenptiomof me embodiment 
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BRIEF DESCRIPTION OF THE DRAWINGS 

f PMi| The eoihodiffienta of the invention will fee de^rifeed in detail, wUh referehee to 
ibgilolloWMl figures wherein: 

fiMflpf Fig, 1. is jj ioocilensl block diagram iterating m zmmpkm modern according 
to this invention; and 

[tMtSi'f Fig, 2 Is a flo wchart oatfttiingtaa exeofdarf method for assigning: margins 
according io this in vendors. 



BETAILED B£SCRl ftlON OF THE INVENTION 
f0d22| in m &mmpk\n : .emb^Mssai «f ' the id¥ea$0»> die. margin is sellts fee iifferorit 
on at least two sirbchannels in a discrete nndtkooe o>odulaiioo sysieai la this exemplajy : - 
.embodiment, subchannels whkh are. exgpect&t- to. incur gis^ter variations in impstssjgat 
levels are set to have a higher margin, -whereas- Nuheksnn.els which are expected to mmr 
lower variations in impairment feels are set to have lower -margins. Aim example of this 
ymbodi mem. : consider an ADSL transmission systeat trptsmittlng data ever telephone wires 

where the Impairment is changing channel: eondltiofssdee to 
temperature llnetdatsons.. Since telephone wire is typically made out of copper, the 
atteri^atioh, 1,6;, Ihc insertion loss, characteristics will depend ok. the temperature of the 
mr& As the temperatore of tire mips-. :mfcres§es,. tne.-atte?naati««, le.,. insertka loss* Will 
increase. Furthermore, the insertion loss also varies with frequency as she temperature- 
ehaages. Therefore, as the tenwensture Increases, in addition to an overall increase in 
assertion loss, the laserpon loss at the higher freqneaaes Ureases more than the insertion 
loss at tile lower Ireqceucies. Table I shows a eorrefatiea of frequency verses insertion loss 
of an t^emptery 1 3,50) % 26 : &WO line at varioos frequencies for ?d v! F as4 i'2&'¥. 
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TABLE- It hvcrnou of 1 1500 ft 2h A WO line versus tsoquency at 70F am! IMP 



10%$} from Table L ft is -apparent: that ihs dltterence-m ms&tt&h loss from 1 20T to 
7£ff is 2J OB .at 20-kH* Wttcmarito iWstmm in Insertion t^itm tW^^WW^ ^^ 
■M 1 100 bi-fe, For tMs $c£tapiaiy embodiment, margin could be ^lleq^fedtf:- 

eairiteifs at higher frequencies and a lower margin allocated to carriers at low er fmpmskz* 
For example, the carrier at 20 Mix will only need a 2d d8 margm, because even if the 
temperature changes Item 70*F to i2OTvthe insertion loss- will only change by 2. 1 dB and, 
as arestdt, the system bit etw rate requirement can still be met after the temperature 
change. Similarly, the earner at 1100 kE* will oeed a & dB margin, since as the 
temperature changes from 70*Fro Po v F. the insertion loss will change by 6 dB and, m a 
mult the ^t§mbit.emsr-mte requirement will still be saosbeb even after the temperature 
change. 

IIMI241 Bovver* fy m mMi^mm^%si fee margin is not allocated to each 
subchannel in a fixed manner, hut rather varies based 00 the expected change in 
impairments over time or as imgairmerjfs vary from one DSL installation to another. 
However v that, does not preclude the possshdlty that different subc-haaneis can have the same 
margin assigned to therm For example, a suhchanhel may have a certain margin assigned 
based on a parireuhtr unpainrteM, while Mother subchannel may have fee same margin 
assigned, based, on another impairment These impairments can. include., hot are not brmted 
to. changes tu the levels of or ossMb from other t? anmiisston systems, impulse noise, 
temperature changes, line length, radio frequency mterlerenee and other ingress, or the take. 
As g resdlh for ssampie. since eertam sahchafisseis are not overly burdened with a common 
margin, the overall data rate of the system can he IrscreaNed $&m§i m$ th? 

rOhnstness of fee system. 
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IQ&2&-1 For example, aral with reference to Talis? I , by lowering the margk of the lower 
earners, from b dB So IJ dR, die channel data rate lias increased: This increase car! ocear 
wdhoet a loss of the immunity to temperalwe variations m the line mmc the lower 
frequencies are less susceptible io mm&mtem cuanges than the: higher frequencies, hi 
general she systems and methods of this invention can he adapted to set a margin for my 
inman\ment that varies over time, or j$ sfistafclon based* m& may, im example, effect 
different frequencies in different wsf% 

ffl®2$] As .another ex 'ample,, consider crosstalk from another if ansnussiea system, If the 
pegs talking, uansoflssloa system Is anovm to: use only u portion of the frequency apeetrura 
ati.ii£ed by the discrete maititone rnedyladqrs system, then the yoafgsss can be decreased on. 
Iheeinxiers that am known to be outside the frequency apeetmm of the erosatalking system^ 
For example, ISDN systems a. re m tmmpk of a c«?sstalfc soaree f&t A©8L systems, t$W$ 
^ymm^Mpic^f transmit only up to approximately 35(1 Tha^ior example, 
ienrpfcying fee teachings of this invention, carriers above 150 kHz cart operate at l ower 

talk Is present. 



I0IJ37J As another example, the margin in an ADSL system can be vaned der^mdrng on 
the length of the telephone wire. Table 2 shows a relationship of insertion loss of m 



exemplary 9000 ft. 26 AW<3 line at freqoencies for 70°F and 12CTF. 
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TABLE Insertion loss of If 2b AWG line versus frequency at 70F and 120! 



|§02lf J Comparing Table 1 and Table 2, it is apparent that an increase in insertion loss: 
as ternperatnre increases depends on: the length of the telephone line m well-,- Thus, on the 
exemplary d,000 f t phone Isse, a Sil e F tempeMture ebaoge results m an average, of only ,/ S 
dB increase in insertion toss. On the 13,300 ft. phorse bap, a 3D*b ! temperature change 
resulted in an average of 4J dEinere^eifi iBserfen loss; For this dlustrative example, the 
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m«rgm as fee subchannels Is varied dependmg on dse length ot the phone sme. As an 
example, it* the phono Mm is shorter, e.g*. 94MJ0.-ffc, the average margin can fee decn^sed m 
the suk hannck fey 4 : .5~2,S~I J dB m eoB^red %q 3 longer 13,500 fh loop without 
saerifiemg immunity to: tempemtare changes or the phone line, this Is possible because u 
shorter phone line will mi experience as muck of a change in Insertion loss dee to 
temjpemture changes as a longer phone line, 

[IM1:29| For this lllusimhveexample, the margin aikmsied. to different snodmanels lakes 
lotn seeoont information about the length of the telephone Uagiy As an example, the 
insertion loss difference from 70*F to 120°F at M W$& is 2- 1 dB &?r ifee |l jell % hoe. On 
the other hand, the insertion loss difference from 7ffP to IMPFM IdkHs Is 1.4 dB tor the 
9,000 ft, line; therefore, for this exemplary situation, a trtargb df % I $M would fee: : 
allocated to the carrier at 20 fcffepn a 1 S*S00 ft line whereas a margin of 1.4 dB would fee: 
allocated to the carrier at 20 Mfe on the 9,000 ft. tine,. "Rse homnnhy to temi^tatpr^: 
variations on theiine would be the same for both tlm systems operadng at 9JX10 £h nnd 5 ' 
i 3.SUU ft. As a result, the overall system data rate can he hiereased on shorter lines without 
sacrificing, a !s|s Id robnstness, 

§&P&| pg. I fUostrates m exemplary embodiment of a rmddearrfcr modem 100, Is 
pardetddf,: the multieamer modern 1:00 eotrtprises a controller lt) 5 -a memory 30. a dlsengte 
mtdtitone nwhdarlon spiem 39, a data .rate dewmmer 40, aslgaal m noise ratio detenrdner 
Sf|/a:marf in deterndner ^ariiia: margin storage 111, altintercenneeted fey link 5.. The 
mnUiearrier modem. 100 is also cons>eeted to one or more computer or eonmnter-type 
devices: 80 and additional modems (m\ shown) via eommimlcations link 10. For esse of 
.itlnstnmon, the multieanier modem 100 hm been flhjstramd in block diagram format: wjejj 
only me components ftte#dfoi'-j[fce exemplary .eMbodirnem of this invention, Additional 
information and fender discission of the operation and structure of an exemplary 
muhiearrier modern can be kmni in eopendmg IfeS, latent Application Serial Ho, 
09/4^5,614 endded "Splitterless MuMeamer Modemd* incorporated herein fey reference in 
its entirety,: 

|0lt31 1 While tin e« mpko> embodiment illustrated in Fig, 1 shows the meltiearrier 
modem 100 and various components coftoeatedV it i$ to be appreciated that the various 
components of the niufriesrrier modem ean be rearranged and located in whole or in part at 
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an ATU - R and/or AtthC Farthers*^,. « is Id be appreciated, 'iha? Che components of fee 
mukjearriet modem 100 ean be located at various teaticms wifeirt a d**$*itmted network, 
sack as a POTS network, M other comparable teleeomsRUBic^Sons network Thus, tt shwl$ 
he appreciated, ma- the c«eipsgeat$ ^'the multkwier modem JCKIcm bs combsied i»pb 
oae device or distributed amongst a piut-alrty or devices. Ax wi|l be appreciated top the 
following description* ana for reasons of computations! eHT i<w\* the components o f the 
oiultictrrier modem can be arranged at any location WitMsi a teleeonf^aiieations nefeeod; 
m&Jm modem wiiUmt affecting the operation of the system, 

|fhB3] The links S and lOeaa bea wkedof a aimless hnkor anyoiher knowo or later 
deA eloped elementts) that j* capable of supplying and eomrmmkatiog electronic dais to md 
from fee connected elements. AddihonajIy s fee comparer deviee 88, can be. tor exmnple, a 
personal computer or other de¥ip«?j: in gepemh the computer device SOean be any; deviee 
: : festd«s; a :mpdem to transmit and/or recei ve data, 

[0033.1 in operation, the mtdtiearriet modem 100 is 'installed,, for example, in a edstofeer 
premises or in a central office, During -this, installation, certain fixed quantities such as l.ioe 
length are known and cm be stored its dse nuddeartier modem I (K). Dating an .initial 
installation, or at any subsequent time for which a redeten«loadon in. margins is appropriate, 
ifpr i example, based ou an increased bit error rate, changes in fee signal: to noise ;tgio S: 
seaian^i ekanges, or me like, fee controller 10, m cooperation w0$ the memory 30;, me 
discrete makdons modulation system 30 and fee margin determiner 60 can detemtiue m&. 
store feayglfjs, For example, as Ihostsated above In exemptary Tables 1 and % margins can 
he determined for temperature fluctuations and the ieogth of fee wire line based on:, tor 
example* ike aehsai instaikbors and historical data, i%rthermore, routines can be established 
foy; the margin determiner §0 to evaluate and compile statistical: mfoHnanon relating to one 
or w eatpers- For example, this statistical information can be compiled during- modem 
io< ii v ( in <espn en \^«sn s vf n sc<,r> on me one tr more <,< rrvsv, VI ^ sfahshesi 
Infonnahos can then be used to detmnine appropriate margins for one or more carriers. 

|CM)M| 41h roam eh the modem may measure fee noise on the ime during idle times 
and detertnine that a pardcularrype of etosstalker; e,g„ another ADSL or MML modem, is 
present. Since the spectral content of these types of erosstatkefs are known, this information 
can. be used to detenmnc the margtn, for example, If the erosstalker is art ATO-B ABSL 
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modem then it $s known that ATIi*E ADSL wtesBtts* ap proximately in the? 204.30 
kHz range. This -|afo?ns^o» eas be nsed to determine -the. sharps for the earners in the2Cf- 
130 kHz fregoeaey range, 

[Of 3Sf Alternatively, a predetenrimed %t% of margins, for example, for :k«ow# 
impastinents, can be downloaded from, for sample* a eeptrai orfke modem or other 
immim within a communications- network $M- -^te«msed:a»d/0r : d0waloaded Jis^gm^ 
aire theft stored m the margin storage 70, Similarly, groups of fhargims: can be stored based 
■oft* for example., .geographic. j«fenft8tl» $ /.$e#^iMdrif«arloa» line length information, or 
the like, 

000$ During haming of the roidnearrier modem 100. the S^R determiner 50, in 
cooperation with the eontroHer 10. the s«e«y 20. sod me DMT system 30, determines the 
signal to .noise ratio of the eamm. Knowing me signal to noise ratio of the earners, the 
data rate detetininer 40 determines the ra w data rate of the earners based on the si gnal to 
noise ratio and the hit error rat«. This raw dm rate reflects the dam rate of earners with m 
margin. 

!pl3$l peheraliy, the bit error rare is setio advance, for example., by the manufacturer. 
Additionally, the data rate is generally governed by a range that Is, for example, guaranteed 
m ZMmimtimi: by a DSL provider. Theitefase, based on the set hit error rate, the signal to 
noise mho for a known quantity of hits nan he detenninedl;. 

[hh3SJ Knowing the signal io noise ratio, the margim; for the earners can be |et» for 
example, based ..on one or more, or&eonnnnatmn of. entered criteria or determined eoteria, 
For example, an entered criteria, eat? he based on the loop length A determined criteria can 
he, for exam^e, based op trniptmmm variance information-thai can, for example, 

he downloaded from the service provider; Abernaeveiy, for example, the .margins can foe 
set based on historical data that relates to, for sxinnpls, Impairments on the fine. In general, 
the imf£h^.ean-&e.se*"Sm& that a- bata^1»twees-tfee 4m -rate and the impairment, 
immunity is maximised, 

|0h30f Having retrieved the margins for one ©r more of the earners, the .macgius are set 
»n the I *M'l system 30 l"he margins can men be subtracted from the earner to determine an 
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updated :duta rate br each carrier. Having serine margins, artd taowing the ■data rate, the 
DMT system can Ibb a>«Hoenee«otm^^^^^^ 10, 

|M40| fsg, I illustrates' an exemplary method of assigtdng margin to carriers s&cmstmp 
to &n exemplary embodiment of this bvenbon. in partseukr, control begins in stop 8 100 
and c otm noes to step $ 1 1 0, In step S 1. iiX a detent-nation- is made whether organs ate to 
be determined, if margins are to be determined, -cootroJ continues m step S I 20.. Otherwise, 
control jumps to step SI 30. 

t'tKbSlj In step SI 20, she margins are determined and stored. Control then continues to 
step SI 30. 

[0042| In step SiM), the signal to nose, ratio or ifee earners are determined;, Mext, in 
step S I 40. the raw data rate of due earners Is determmed based on the. signed to mm- ratio: 
and the bit er?or.rdte, ,:Neju s in step S I SO, be margins for the carriers -m-. retrieved,: Control 
then continues to step Si0^ 

|IMI43| In step S 160, the margins for me earners are set. Next, In step S I 70. the margins 
are subtracted mym the carriers to deterridne m updated data rate for each carrier. Control 
then coinbees to step Site. 

|iMl44J: In step SI 80, eomTonnleations: eormttenee. Control ber? continues to sbp $190 
Where the: control sequence endsv 

fthl4Sj Hosvevet;,: it is to be appreciated that the steps m Kg, 2 need not occur b the 
order libstraied. For example, at any point in lime there could be an option to re-determine 
the margins.- Similarly, based on, lor example, the time of medsy, day, location, error rate, 
service provider directive, a change b be quality of service reqmreosent, or be like, the; 
margins could be admsted. Alternatively, at any tt«ie» opdated margins could he 
downloaded and stored in the margin storage. Alternatively, if it known that ojargbs will 
be ■,bcoi|K>rated in tha. determination of the date rate, . steps 140 eoald he bypassed since it Is 
known that the raw data: rate will not he used. 

|004»| Furthermore, be systems and inebods of bis invention can also apply to any 
mbticarrier modulation based eommimieadon system beSndbg wireless LAKs, such as 
wireless LAN 1 and EfSI fiyperiasistajklards, wireless aoeess y>^stems, borne and 
access po\ver4me communication, systems. Or the lite. 



Wl i MO S.2555 



• 12 • 

f As 01 astra ted in p|; 1 , ibe. muhiearrier modem tad related mmpmmm can foe 

rmjjlemeated either on a BSL modem, sri separate program generalputpose computer 
having a cort«m«ue;.atJO®s device However, the rouhiearrter models can also be 
implemented m a special purpose computer, a programmed nheroproeessor or 
microcon troller and peripheral integrated circuit element, and ASfc orother Migrated 
•circuit, a digital signal processor, a hardwimd m* electronic o? logic ■.circuit such m. a 
element circuit, a programmable logic device such as a PI O, Pi A. WQA, PA! at the hk> . 
ami associated comnranleaiions equipments M .general, any device : capable aft ii«pk$«e«ti% 
a finite state machine thftt Is in turn, capable of impjementirig the Oowcirari illustrated: in fag. 
2eao he used to s*h$te.ffcejt ih& miMtsmm^^t^ IfM'^c^^^^^;^^^- 

|#04S| Ftatherrnom. a disclosed method may be readily implemented tft software isSiup; 
object or object-oriented software development environment that provides portable §op^ 
code that can be used on a vax-tety of computers, wmlesaatioos, or modern hardware 
platforms. Alternatively, .the disclosed modem: may be intpiemented partially or folly id; 
h&rdware. using standard logic circuits or a VLSI design. Other software or hardware can be 
used to Implement the systems in accordance with this invention depending pa the speed 
end/or erBeieney retirements of the systetaSv the particular function, and the particular 
software or hardware systems or nhereproeesser or •■nsicrot&.mptster systems being utilized; 
TPhe moldciutier modem Illustrated herein, however, can be readily implemented hi 
hardware and/or software using any known or later developed systems or stmctmes. device*, 
and/or softw are by those of ordinary skill in tfee applicable sat from the functional 
desetipiforrprovided herein and with a general basic knowledge of the computer and 
telecommunications arts. 

[!M1#| Moreover, the disclosed methods can be readily implemented- as software 
executed on a programmed general pufpose computer, a special purpose computer, a 
raieroproeessor and associated eotamunieahons equipment, or the like. .In these instances, 
the methods and systems 01" ibis towatioB mn be implemented as a program embedded on a 
modem., sueh as a DSL modemvor the ike. The mnltlcarber modem eaa also be 
implemented by physically incorporating the system and method in a softw are and/or 
hardware system^ such as a hard ware and soi^are system ofamodeai, secb as an ADS1_. 
tuodenp. or the like. 
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(0050! It k* there! ore, "&n i that t&ere has hsm pm\ ! M$(& m aecwdatjee with the 
present ingestion, systems sad methods for assjgmm'. margins to camvix While this 
: mvetitsQr! has bees; dewifef m tm^mmUm with a ^mher of «H3hodime«ts, ills ©vi<fcni 
ihat many alteratives, •«iodM'fcail©as : aad^ariadom would he -m are. apparent to those of 
orxhrifoy skill is; the applicable art Accordingly, AppheaMs InSerKl to embrace ah such 
alternatives, ajodifscations, e§«iv:a1eMs jyid variations that mc within the spirit 'arid: the 
scope of this hi vesttop. 
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What Is Claimed is: 

1. A oMibearrser modulation crnme^ka^kM^Skem csomj^mg;- 
a plurality of subchannels; and 

a plurality of margins. 

2, The sy stem of claim wherein the plurality of margins are based or at least 
om? of changes" in. the levels of a crosstalk:, intpnise noise, temperature changes, wireline 
length, radio frequency mtesf erenee, s. hmenror rate, 8 signal to csoss® rail®, a seasonal 
change, statistical mfofrnatioa, time trdbrmadon, day iufonpadon and data rate information. 

3:. lite sysiem of claim L wherein too plurality of manias are at least ors© of an 
average margin and a subchannel specific margin, 

The: system of claim 3, wherein the average margin is applied equally .uM : . 
pffhfe plurality of subchannels. 

$* fheaystem of claim i :i further comprising a margin determiner that 
determines #leMt one margin , 

jfjl The system of claim i> further comprisirtg a margin storage, deuces thp stores 
at least ohe "foaj;g|r$v: 

7. A : multkarrkf modulation communication- system eompnsmg: 
a plurality of subchannels; and 

a plurality pf marikss* wherein one of the plorahty of margins k ;asslg"ned: id 
at least doe of the plurality of subchannels,: 

8i The system of claim wherein -the plurality of margins are based on at lease 
one of changes In the levels pf a crosstalk impulse noise,, temperature changes, wire line 
length, radio :fxeqpency loierferenee, a hit error rate, a signal to noise ratio, a seasonal 
change, statistical mfctmauom uroe Intemttto* day loformahon and data rate laformadon. 

The system of claim 7, wherein the plurality of margins are at least one of an 
average margin arid: a subchannel specific uwgin. 

W« The sy stem of date % wherein the average margin Is applied equally to a 
pordoo of the plurali ty of subchannels. 

11, The system e-f eiakn 7, farther esmiprlsntg a margin determanet that 
deterndaes aileast one margin 
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12.. The s\ ot claim ? % further comprismg a margin storage temm tk&x. stores 
at lea one margin. 

13; A muUkwier modulation commaiitcatjos.-.«ptein o»jnm»ma«ing«n a wire 
itse over a. plurality -of scfechannels, wherein, at feast mm margin based or a length 81- toe 
wire line is assigned to m least one of j&e ^!Uf^!Uy^^'pjb&I^Rit^#> 

14. The system of claim Hi wherein the. m least one margin is: teed m at least 
oae of changes m the levels of a crosstalk.,: impulse noise* temperature changes, radio 
frequency interference, a bit srmtmt^.-s signal to noise ratio, a seasonal change, statistical 
Mediation, time Information, day Information and data rate information, 

I S, The system of claim 1 % whereto the at leas? one margin is based on at least 
one of an average margin and a subchannel specific margin, 

16. The system of claim IS. wherein the average tnargm is applied equally to a 
potiiotr of the plurality of subchannels, 

1 ?. *Th£ system of claim 1 3, further comprising a margin detemtrner that 



■ III The system of claim 1 3* further comprising a matgio storage .dnviee: that 
stores at least one margin; 

"M, A Mildcarrier modal ation eonimnnication system Uming a plurality of 
.snijehanneis, wherein at least two snbehatunsls have a different margin; 

M, The system of claim l& wherein toe margin is based on at feast one of 
changes in the levels of a crosstalk, impulse noise, temperature changes, wire hne length, 
radio frequency interference, a bit error rate, a signal to noise ratio, a seasonal change, 
statistical information, time information, day Information and data rate information, 

21. : The system of claim ! 9, wherein the nnsrgrns are at least one of an average 
a subchannel specific marglm 



age swgm ts < 



he at least two subchannels. 
23, An inlormation storage media Comprising margin information for a 
mahicarrief modulation system having a plttrality of sobcbannels, wberela af least two 
ssbeharraeis have a different margin. 
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24, A method of enhancing audticamer fflodAtoi eommtrn^atkm «. a 
plurality of mhehmmds mmpming %QmmWic&xn$-W$f .the plurality of subchannels pMg 
at least two different margins, 

25, lie -method of vMm -24, whemift the- at least two margins are based o»st 
feast one of changes m the; levels of a efosssMk, Impulse im$8, temperature changes, imm 
line \mgtK radio frequency Iftter;ferss5s:e t a bit errorfafe, a sigha! to noise ratio, a seasonal 
change, statistical Information, time Irdbrmatlem day Ihibrroahon and data rate information, 

26. The method of claim 'M+. wherein the at least two margins are ai least ofte-of 
an average margin ami a subchannel sr^ific margbi. 

27 . The method of claim 26, -*Mhe mn the average margin i s applied espi &% : | p i: :h 
f?oiion of the plurality of subchannels, 

2E- The method of el al«i : 24 v further comprising determining at least: ^e Biat|lrii 
The o)etbod of elalnr24 v ferther compri$if5g steiri^g at least one iriafgire 

30, ;A method for multiearriet modulation communication oveoa/plurtiy: of 
xubclrannels eompri s i ng: 

seleetiiig a first number of the subchannels; 

assigning a fast margin to the first number of" the subehaeeeM; 

selecting a second rmrpher of d-je subebatrnds; and 

assigning a second margin to the second number of subchannels, wherein the ■ 
first masgm and the second margin are duTerem. 

31. The method of eiabrn 30, wherein the omrgltts are based on at least one of 
changes in the levels of a crosstalk, impulse noise, temperature -changes* wire flee length, 
radio frequency interference, a bit error rate, a signal to noise ratio, a seasonal change, 
Statistical information, time information, day infornrstkai and data rate information, 

32; The method of claim 30> wherein the margins ate st least one of an average 
margin and a sobebansel speoifie m^rjlp, 

33, The method of claim 33 whereirs the avernge margin is apphed equally to a 
portion of either the fast or second rmmbcr of syhehannefs;, 

34, The method of eiahn 30, tm&m mmpmmg a marine determiner that 
determines: at least one margin. 

33. The method of elaim 3Q> farther eomprfsmg & margin storage device that 
stores at least one margin. 
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M, A memod fm roalncurt i<?r mfiislatfes eomm^katiosv over a wire hnensing 
s pintahty of §tt%cha«se1s, wherein at least mmgm m a lengm of the mm iim h- 
assigned to mitmt one of fte plurality of sohchanneis. 

3 The Method of claim 36, wherein the at least one margiri is based on at least 
pm ■■of changes In the levels of a crosstalk, impulse noise, iempcrarere changes, radio 
freoyjsncy Interference, a bit emrtafei a mgm\ to nos.se mt& a seasonal change, st&ttsttea! 
information, time, infonnation, day mtormadon and data rate information, 

38'. The method of claim 36»: : wher«b.tlie. at least One margin is at least one of an 
average margin sad a .subchannel specific margm. 

.39, tlie method of claim 38, wherein the. average matgio ts applied e£|aaliy isj a 
poo Ion of the plurality of sni>chaaoels, 

40. : The method of claim 36, further composing a ojai-ghvdeiemaoer that: 
determines at least: one margi h - 

41 i tine method of eiaimSS, further comprising a margin storage device, that 
s|i>fes: m km one margin. 

42. Aimtbpd lot eommtmlealmf in a i«nltieat?ier modulation eom5nu««§irms ■ 
mv'mntfmt-hming at least two subchannels, wherem at least two of the. at least two 
subchannels have a different margin,. 

43. The method of claim 42, wherein the margin are baaed on at least one of 

•i changes In the levels of a crosstalk, impulse noise, lemperatore changes, wire line length, 
radio frequency interference, a bit error me, a sjgnal to noise ratio, a seasonal cha nge, 
.statistical hvfprmahon, time infomratlon, day hiformatlon and data rate information, 

44 Tbe method of claim 42, wte« dse margins are at least one of an average 
m&rgdi and. a snhebannet specific margin. 

45, The method of claim 42, wherein tine average margin- is applied equally to a 
portion of the at least two subchannels. 
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I?? yfss* of the large mMssr of independent c1a1is, ; an# also of th§# 
.wording, ^hich rPhfes it difficulty if not laipcaoihlOv to determine the 
■Baiter for which prpiecfci-pn U: sougM* ths present application- falls to 
comply with the clarity ass) conciseness reqnim^snta of Article ft PCX 
(boo also Rule PCI) to such m mXmt that a «ao1ns^ul search is 

■Impossible.. Consequently*, the search has : bseo: carried out for those 
parts of the spoil callers wnich dc appear to m clear and concise,. namely 
cl slits 19-29 , These claws aefin« the us* .of at least two different 
;T!arghvs< Tills feature is essentia! s as Is specified in paratraph s QM2i 
of the description. 

The •applicant's attPotlph is draw to ihev fact that etaifiis, or parts of- 
claims , -relating to inventions in rsppecf of which «■ fnteroatisoai 
search report has boon established need not bs- the subject of m 
international ssrel lishoary eMehogtloo (Pule 66Vl;Ce) PCI):. The applicant: 
Is: advised that the £?0 policy whan -mlinq as so International 
freilsnfnsry Eksssinlng Authority; it normal 1 $ hot to car^y wt a 
preliminary examination on matter which has act been searched. This; la 
the case irrespective of whether or not the; claims are Handed follohiag 
receipt of the search repprt or during any Chapter II pr-oeedore:. 
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